Two experiments were conducted to verify the feeding value of NutriDense (ND) and NutriDense Low-Phytate (NDLP) corn (Exseed Genetics LLC, BASF Plant Science, Research Triangle Park, NC) relative to that of yellow dent (YD) corn in swine diets. NutriDense corn is a high-protein, high-oil variety, and NDLP is a high-protein, high-oil, low-phytate variety. In Exp. 1, 315 nursery pigs that initially weighed 15.2 kg were used in a 21-d growth assay. Dietary treatments were arranged in a 3 × 3 factorial; main effects were corn source (YD, ND, and NDLP) and added fat (0, 3, or 6%, as-fed basis). Diets were formulated to contain 3.83 g of lysine/Mcal using calculated nutrient values. There were no corn source × fat interactions observed. Pigs fed YD, ND, and NDLP had ADG of 750, 734, and 738 g/d and G:F of 0.64, 0.66, and 0.65, respectively. No differences (P > 0.10) in ADG were observed among the three corn sources; however, pigs fed diets containing either ND or NDLP corn had decreased ADFI (P < 0.02) and improved G:F (P < 0.05) compared with pigs fed diets containing YD corn. Increasing dietary fat increased ADG (727, 746, and 748 g/d; linear, P < 0.04) and G:F (0.62, 0.66, and 0.68;
Introduction
Genetic selection and modification have provided new varieties of cereal grains that have enhanced nutrient profiles for use in livestock diets. These improvements have resulted in corn varieties with higher concentra-2624 linear, P < 0.01) and decreased ADFI (linear, P < 0.01). Using the NRC (1998) value for ME in YD corn, we calculated the energy value for ND and NDLP based on G:F differences compared with pigs fed YD corn. These data indicated the ME values for ND and NDLP corn are 4.5 and 2.5% greater (3,575 and 3,505 Kcal/ kg), respectively, than for YD corn (3,420 Kcal/kg). In Exp. 2, 1,144 gilts (initial BW = 50.1 kg) were used in a commercial research facility to evaluate the effects of corn source (ND and YD) and added fat (0, 3, or 6%, as-fed basis) in a 2 × 3 factorial on pig performance and carcass traits. There was a corn source × fat interaction for ADFI and G:F. Increasing added fat resulted in greater changes in ADFI and G:F in pigs fed YD corn diets compared with those fed ND corn. Feeding ND corn increased ADG (main effect, P < 0.04), and greater percentages of added fat increased ADG (main effect; linear, P < 0.01). Results of Exp. 2 suggest that ND corn has 5.3% more ME than YD corn. The additional energy provided by ND corn improves G:F in both nursery and grow-finish pigs, and ND corn offers a means of formulating diets more concentrated in energy than YD corn.
tions of nutrients such as oil and AA. Previous studies in pigs have demonstrated effective utilization of these corn varieties (Adams and Jensen, 1987; Han et al., 1987; Adeola and Bajjalieh, 1997) . Diets using corn with enhanced nutritional traits can improve feed efficiency, decrease nutrient waste, and potentially be cost-effective to swine producers.
NutriDense (ND) corn (Exseed Genetics LLC, BASF Plant Science, Research Triangle Park, NC) is nutritionally enhanced to provide greater nutrient density than conventional yellow dent (YD) corn. Specifically, it contains approximately 30% more lysine, 50% more total sulfur-containing AA, 18% more threonine, and 6% more ME than normal corn. A second genetically modified low-phytate corn (NutriDense Low-Phytate; NDLP) contains approximately 75% available P (Ex- Values used in diet formulation using yellow dent corn were from NRC (1998). The added fat designations of 0, 3, and 6% represented an average inclusion of the diets used in the phase-feeding program. seed Genetics LLC, personal communication) compared with YD corn, which has 14% available P (NRC, 1998). Peter et al. (2001) determined the available P content of ND and NDLP corn and the energy value of these hybrids compared with normal corn. They confirmed the predicted value of most nutrients, with the exception of the energy value for the low-phytate corn. NutriDense and NDLP were expected to contain approximately 6 and 9% more energy than normal YD corn, respectively; however, the experimental results indicated that the advantages were approximately 6.5 and 4%, respectively.
Although ND and NDLP corns should have greater nutritional value than YD corn, this has not been verified in large-scale growth experiments. Therefore, the primary purpose of these experiments was to determine whether ND and NDLP have greater feeding value than YD corn as assessed by large-scale growth experiments. A second objective was to determine whether diets with higher energy density (ND corn and fat compared with YD corn plus fat) could be efficiently used to improve finishing pig growth performance.
Materials and Methods
All experimental procedures used in these studies were approved by the Kansas State University Animal Care and Use Committee.
In Exp. 1, a total of 315 barrows (Line 327 sire × C22 dams; PIC, Franklin, KY), initially 15.2 kg and 36 ± 2 d of age, were used in a 21-d growth assay. Pigs were blocked by BW and allotted to one of nine treatments. There were five pigs per pen and seven pens per treatment. Pigs were housed in the Kansas State University Segregated Early Weaning facility. Each pen was 1.2 m × 1.2 m and contained one stainless steel self-feeder and one nipple water unit to provide ad libitum access to feed and water. Temperature initially was maintained at 23 ± 3°C and was decreased to maintain comfort as the pigs grew.
The nine diets included three corn sources: YD, ND, and NDLP, each with increasing added fat (0, 3, and 6% choice white grease, as-fed basis). Nutrient values for ND and NDLP corn were provided by the supplier and used in diet formulation (Table 1 ). The energy values for ND and NDLP corn were assumed to be 6 and 9% greater than the value of YD corn in diet formulation (Peter et al., 2001) . Samples of each corn source also were analyzed for chemical and AA composition (Table  1) . Nutrient values from NRC (1998) were used for YD corn. Based on the calculated chemical compositions, all experimental diets were balanced to maintain a constant lysine-to-calorie ratio and available P level (Table  2) . Pigs and feeders were weighed every 7 d to determine ADG, ADFI, and G:F. The added fat designations of 0, 3, and 6% represented an average inclusion of the diets used in the phase-feeding program. Experiment 2 was conducted at a commercial research facility in Southwestern Minnesota. The facility is made up of four individual barns, each 12.5 m × 76.2 m, with forty-eight 3.05-m × 5.49-m pens. Each pen contained one 4-hole dry feeder and a one-cup water unit. Each curtain-sided barn had a deep pit with completely slatted floors and operated on natural ventilation during the summer and mechanically assisted ventilation during the winter. Forty-two pens of gilts (Line 327 sire × C22 dams; PIC) were blocked by BW (initially 50.1 kg) and allotted to one of six dietary treatments. There were 27 or 28 pigs per pen and seven pens per treatment.
Two corn sources (YD or ND), each with increasing added fat (choice white grease), were used in Exp. 2. The same nutrient values for Exp. 1 were used for ND, except for the energy content, which was based on the calculated value from the results of Exp. 1. The NRC (1998) nutrient values were used for YD corn. A treatment structure similar to that described by Webster et al. (2002) was used. The first treatment diet contained YD corn and no added fat (Tables 3, 4 , and 5). The second dietary treatment contained ND corn. Based on the calculated added energy provided by the ND corn, fat (2.7 to 3.2%, based on phase) was added to a YD corn-based diet to equal the energy content of the ND corn diet. This percentage of added fat (2.7 to 3.2%, based on phase) was then added to a ND corn-based diet to provide the fourth dietary treatment. Fat (5.2 to 6.2%, based on phase) was then added to a YD cornbased diet to equal the energy content of the second ND corn diet. In the sixth diet, this percentage of fat (5.2 to 6.2%, based on phase) was then added a ND corn-based diet to complete the treatment structure.
All treatments were formulated to maintain equal lysine:calorie and Ca:total P within each phase. Diet phase changes occurred on d 14 and 42. Pig and feeder weights were measured every 14 d to calculate ADG, ADFI, and G:F. At the end of the experiment, pigs from each pen were individually tattooed and shipped to a commercial processing plant (Swift, Inc., Worthington, MN), where standard carcass criteria (loin and fat depth, HCW, dressing percentage, lean percentage, and fat-free-lean index) were measured.
Statistical Analyses. In both experiments, treatments
were arranged in a randomized complete block design. Analysis of variance was conducted on all data using the MIXED procedure of SAS (Version 8.01), with a Kenward and Roger error correction for df (SAS Inst., Inc., Cary, NC). Pen was the experimental unit. The The added fat designations of 0, 3, and 6% represented an average inclusion of the diets used in the phase-feeding program. statistical model included treatment as a fixed effect and block as a random effect. After testing for interactions between corn source and fat level, linear and qua- dratic polynomial contrasts were used to determine the effects of increasing fat. Single df contrasts were used to determine differences among corn sources.
Results
In Exp. 1, there were no differences (P > 0.10) in ADG among corn sources (Table 6) ; however, ADFI decreased (P < 0.02) and G:F increased (P < 0.05) for pigs fed ND or NDLP corn compared with pigs fed YD corn. There were no differences among pigs fed either ND or NDLP corn varieties for any of the response criteria. Increasing dietary fat increased (linear, P < 0.04) ADG, decreased (linear, P < 0.01) ADFI, and improved (linear, P < 0.001) G:F. Data from the experiment were then used to calculate the relative energy value for ND and NDLP corn compared with YD corn. Based on the average corn content of the YD diets and their respective G:F, the quantity of corn required for 1 kg of gain was calculated. Kilocalories per kilogram of gain were then calculated by multiplying the quantity of corn per kilogram of gain by 3,420 Kcal (NRC, 1998). By using this measure for the YD corn diets, the ME values of the ND and NDLP corn were calculated to be 4.5 and 2.5% greater than those for the YD diets.
In Exp. 2, pigs fed ND corn had increased (P < 0.04) ADG compared with those fed YD corn (Table 7) . Greater percentages of added fat also increased ADG (P < 0.01); however, a corn source × added fat interaction was observed for ADFI and G:F. This interaction was the result of increasing added fat, resulting in a greater decrease in ADFI and improvement in G:F for pigs fed YD corn than for those fed ND corn.
There were no corn source × added fat interactions observed for carcass criteria (Table 8) . Corn source had no effect on most carcass criteria, with the exception of carcass dressing percentage. Pigs fed YD corn had greater (P < 0.05) dressing percentage (75.33 vs. 74.87) than those fed ND corn. Greater percentages of added fat increased (quadratic, P < 0.04) final weight and carcass weight, and it tended (linear, P = 0.09) to decrease dressing percentage. Increasing added fat had no effect on backfat, fat-free lean index, loin depth, and percentage lean.
Similar to Exp. 1, using NRC (1998) values for ME of YD corn, we calculated an energetic efficiency of gain (9,568, 9,033, and 9,190 Kcal of ME/kg of gain) for YD corn diets with 0, 3, and 6% added fat, respectively. We then calculated what the energy content of the ND corn would need to be to provide an identical energetic efficiency. Based on these calculations, the ME value of ND corn is 5.3% greater than that of YD corn.
Discussion
Analysis of our data indicated that ME was approximately 4.5 and 2.5% greater for ND and NDLP corn varieties, respectively, than for YD corn. These results agree with those of Peter et al. (2001) , indicating that ND and NDLP corn varieties have a greater ME concentration than YD corn. Peter et al. (2001) determined that ME was increased by 6.5 and 4% for ND and NDLP corn, respectively, compared with YD corn. The differ- Table 7 .
Effects of corn source and added fat on growth performance of growing-finishing pigs (Exp. 2) a Corn source
P-value

Added fat
Yellow dent Percentages represent added fat. Because the amount of corn varied in the three dietary phases fed throughout the study, the percentage of fat added to achieve the desired energy concentrations varied but averaged 3 and 6% for the entire study. Percentages represent added fat. Because the amount of corn varied in the three dietary phases fed throughout the study, the percentage of fat added to achieve the desired energy concentrations varied but averaged 3 and 6% for the entire study. ences between our results and theirs may be because the YD corn used in our experiment had greater energy and, thus, a relatively smaller difference was calculated. This idea is supported by the results of Fent et al. (2000) , who showed that ME content of corn varies. Another explanation may be differences in the fat content among the ND corn used in the different experiments, which is generally 1 to 2 percentage units greater than in YD corn. In addition, we used the NRC (1998) value for YD corn rather than the analyzed value used by Peter et al. (2001) .
Another factor to consider in interpreting our results is the fact that in diet formulation, we increased other nutrients, in particular lysine and other AA to maintain a calorie to lysine ratio. It could be that if the pigs were above their energy requirement, improvements in growth could have been due to increased AA or other nutrient intake. It has been shown, however, that young growing pigs are generally in an energy-dependent phase of growth and that appetite limits energy intake for maximum protein deposition (Campbell and Taverner, 1988) . Recent studies also have shown that finishing pigs reared in commercial environments such as those used in this experiment will have lower feed intake (30%) and show a greater response to dietary energy than pigs housed in a university research environment (De La Llata et al., 2001; Hastad et al., 2004) . Spencer et al. (2000) and Veum et al. (2001) reported that low-phytic acid corn increased the availability of P and other nutrients. Corn with this trait would be predicted to have a greater concentration of energy because of changes in the chemical composition of the kernel (C. M. Peter, Exseed Genetics LLC, personal communication). Results of this experiment agree with those of Peter et al. (2001) , who demonstrated that NDLP corn has more energy than YD corn.
A second goal of our study was to evaluate the ability to achieve higher energy diets with ND corn varieties compared with YD corn plus added fat. In both nursery and finishing studies, we observed linear increases in ADG through the highest levels of added fat with all corn varieties. This finding indicates that higher dietary energy density and further improvements in ADG can be achieved with ND corn and added fat compared with YD corn plus added fat. Nursery trials conducted with high-oil corn by Bergstrom et al. (1997) and DeCamp et al. (1998) also showed improvements in feed conversion. In growing-finishing pigs, Kendall et al. (1999) showed a similar improvement in feed efficiency when YD corn was replaced with a high-oil corn hybrid. In a corn and soybean meal-based diet, 5 to 6% fat is commonly the maximum added. Fat additions >5 to 6% typically result in bridging and other feed-handling problems. Thus, the ND corn may provide an option to feed an even higher energy density diet than can be achieved with YD corn plus added fat.
Implications
Genetic selection and modification have provided new varieties of cereal grains that have enhanced nutrient profiles for use in livestock diets. NutriDense corn is a high-protein, high-oil variety, and NutriDense-Low Phytate is a high-protein, high-oil, low-phytate variety. By conducting nursery trials and then using energetic efficiency of gain of pigs fed yellow dent corn diets, the metabolizable energy values of the NutriDense and NutriDense-Low Phytate corn were calculated to be 4.5 and 2.5% greater than those of yellow dent corn. In finishing pigs, the metabolizable energy content was calculated to be 5.3% greater than that of yellow dent corn. The greater energy content of NutriDense corns resulted in improved feed efficiency and offers a means of formulating diets more concentrated in energy than diets based on yellow dent corn. 
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